Preparation, formation, and structure of [(SnSe)1.04]m(MoSe2)n intergrowth compounds (0 < m and n < 32) from designed precursors.
A detailed synthetic approach, using the method of modulated elemental reactants, is described for the preparation of MX-TX(2) (M = metal, X = chalcogen, and T = transition metal) solid-state intergrowths with m and n values significantly larger than previously reported. As a specific example, we demonstrate the ability to synthesize more than 500 distinct intergrowth compounds in a single ternary system, Sn-Mo-Se. A simple method for determination of the chemical composition of the constituent layers in the precursor and product is described for cases in which both structural components contain one or more common elements. X-ray reflectivity, laboratory and synchrotron X-ray diffraction, scanning transmission electron microscopy, and high-resolution transmission electron microscopy imaging, and electron microprobe analysis provide conclusive evidence of the formation of layered intergrowths with well-defined structure and composition. The ability to access a large range of monochalcogenide thicknesses allows a size-dependent structural transition in the SnSe component to be controlled and tracked and indicates that intergrowth materials such as those described here comprise novel material systems in which size-dependent phenomena can be precisely controlled.